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Circularly polarized x rays from a synchrotron light source were used in photoemission from 
thin fee Fe films on Cu( 100). The measured exchange splitting for the 3s and 2p levels in these 
films is reduced from that measured in bulk bee Fe, For both the 2~s,~ and the 2pli2 levels the 
splittings are about half that of bulk bee Fe. This trend is in line with measurements of the 3s 
exchange splitting from fee Fe compared to bee Fe as well. A 0.25 eV exchange splitting is 
observed in the 3p core level. 

The difference in photoemission spectra for left versus 
right circularly polarized radiation (i.e., circular dichro- 
ism) can allow for a direct identification of the spin char- 
acter of core-level states in magnetic samples. l-3 Baumgar- 
ten et ul. ’ have recently exploited this advantage of 
magnetic circular dichroism in photoemission (MCDPE) 
to deconvolute the exchange split 2p2p3,2 and 2pv2 core lev- 
els in bulk single-crystal bee Fe samples. This experiment 
confirmed that the unusually broad L, and L3 lines do 
indeed contain contributions from exchange split lines.” 
While it is still not possible to identify the direct cause of 
the line splitting (i.e., as a ground-state property of the 
system versus an exchange interaction of the photoelectron 
with the photohole) it is clear that this MCDPE gives 
similar information as, for example, spin-resolved photo- 
emission (SRPE) . However, with MCDPE only a factor of 
10 loss of intensity is given up to obtain highly circularly 
polarized light,5 while SRPE entails the use of an electron 
spin detector, with typical efficiencies of 10--4.6 In addition, 
the inherent surface sensitivity and elemental specificity of 
photoemission makes the study of the core-level splittings 
of very thin Fe films (2-4 atomic layers, AL) possible. 

The magnetism and structure of thin Fe films grown 
on Cu( 100) is interesting from a more general perspective. 
The lattice constant of the high-temperature, antiferromag- 
net.ic, fee phase of Fe (y-Fe) matches closely to that of Cu 
( 3.59 vs 3.61 A at room temperature) 17 and it has been 
shown that fee Fe does grow on the various Cu crystalline 
faces up to s 10 AL. However, thin fee Fe films grown on 
Cu( 100) show distinct reconstructions as observed by low- 
energy electron diffraction (LEED),* and also e‘xhibit fer- 
romagnetism with a strong surface anisotr0py.s We there- 
fore chose hlCDPE in order to compare the core-level 
splittings of the metastable, fee Fe with those of bee Fe, 

In order to preserve the integrity of the Fe-Q inter- 
face, the Fe layers were grown on a Cu( 100) substrate at 
150 K.” A subsequent anneal to 300 K was then used to 
order the film. The LEED pattern sharpened significantly 
after the anneal, with the 5 x 1 reconstruction that is char- 
acteristic of thin fee Fe layers grown at room temperature. 

Following the deposition, the films were magnetized with 
up to 3 kOe pulses normal to the plane of the film: All 
measurements were made in remanence. Due to the strong 
surface anisotropy, the easy axis magnetization is perpe- 
dicular to the plane of the film for 2-6 AL thicknesses, and 
a single domain state has also been observed for this thick- 
ness range.““’ Other specifics of the sample preparation 
and characterization can be found elsewhere,13 

Circularly polarized radiation was obtained using a 
spherical grating monochromator at the Stanford Synchro- 
tron Radiation Laboratory. When the photon helicity and 
sample magnetization are oriented parallel versus antipar- 
allel the relative intensity of the spin-orbit split 2p core 
levels (the 2p3p312 and the 2plf2 lines) changes. This is illus- 
trated in Fig. 1. A slight change in binding energy of the 
two lines is also observed, which represents the exchange 
splitting of these lines. A simple explanation for the inten- 
sity variation and the shifts is presented in Ref. 1, while 
more quantitative theoretical descriptions are presented in 
Refs. 2 and 14. 
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FIG. 1. Fe 2p spectra taken with hu=9M) eV and positive photon helicity. 
The solid lines are for parallel orientation of the photon h&city and 
sample magnetization and the dashed are for an antiparallel orientation. 
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FIG; 2. Angle-resolved photoemission spectra of the fcs Fe 3s core level 
with /w= 190 eV. The splitting is ~-3.8 eV. 

In this paper we focus on the magnitude of the ex- 
change splittings of the core-level lines of the thin fee Fe 
fllne in comparison with those of bee Fe. We obtain values 
for the exchange splittings of 0.22 f 0.10 eV in the 2pji2 
level and 0.1 AO.1 eV it1 the 2p1,2 level from nonlinear 
least-square fits averaged over several sets of data similar to 
those presented in Fig. 1. These values are substantially 
smdller than those measured from bee Fe, i-e., 0.5 f 0.2 and 
0.3 AO.2 in the 2pJi2 and the 2pliZ lines, respectively.’ We 
note here that the net moment on the fee Fe films has been 
estimated by several techniques 12915 to be the same as that 
of bee Fe, showing that there is not necessarily a linear 
relation between the moment at an atomic site and the 
core-level exchange splitting as observed by MCDPE. 

The trend toward reduced exchange splitting of the fee 
Fe core levels is also seen in the. 3s and line.‘” In Fig. 2 we 
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PIG. 3. hiagnetic circular dichroism in photoemission of the fee Fe 3p 
core level. The bottom panel shows the alignment of the Fermi edge, 
which allows for a direct comparison of the 3p binding energies in the top 
panel. 
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show the Fe 3s photoemission spectra from a 1.6 AL fee 
Fe/Cu( 100) film. The up and down arrows indicated the 
peak positions for the minority and majority electrons, re- 
spectively. A difference of 3.8 eV is measured, in contrast 
to the 4.4 eV splitting seen in bee Fe.t7 

Finally, we present in Fig. 3 the first study of the fee Fe 
3d and 3p core levels with MCDPE. In the lower panel we 
show the alignment of the Fermi edges for the parallel and 
antiparallel alignments of photon helicity and magnetiza- 
tion. This alignment assures us that the core-level binding 
energy shifts are not artifacts due to, e.g., a systematic 
deflection of the electrons in the energy analyzer when the 
sample is magnetized. In the upper panel of Fig. 3 the 
MCDPE spectra from the Fe 3p core levels are shown. The 
same arguments used for the 2p core level are applicable in 
principle to the 3p states; however, the 3p spin-orbit split- 
ting cannot be resolved experimentally. Thus, extraction of 
the exchange splitting is not as straightforward as in the 2p 
case. Nevertheless, SRPEL8 has demonstrated that the mi- 
nority spin energy distribution in the bee Fe 3p manifold is 
concentrated at slightly lower binding energy (by about 0.5 
eV) than the majority spin contribution. Assuming that 
the 3p spectra are predominantly weighted by the 3pJa, we 
obtain a splitting of ~0.25 eV, which again is about a 
factor of 2 smaller than SRPE results from bee Fe. To date 
there have been no MCDPE studies of the bee Fe 3p core 
level to compare our results with on an equal footing. 

In conclusion, we find that the 2p and core-level split- 
tings in fee Fe are nearly a factor of 2 smaller than those of 
bee Fe, while the 3s splitting from the fee films is ~86% of 
the bee Fe 3s splitting. We have also measured the fee Fe 
3p MCDPE spectrum, and find that the exchange splitting 
is also reduced when compared to SRPE studies of bee Fe. 
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